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DECISION-MAKING PROCESS IN MANUFACTURING OPERATIONS

“What to make”

| (months, weeks)

“When to make” Steady state models with
(days, hours) — multiple process units in scope:
MINLP, MILP and/or NLP

Real-time optimization

(hours, minutes)

Multivariable Controls D_ynamlc state que!s with

(minutes, seconds) — > smgle Process units In Scope.:
LP, QP or NLP.

Regulatory controls
(seconds, miliseconds)
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Hydrogen is used in modern
refineries in processes that have
two main purposes:
v"Increase the value of the
hydrocarbons (platformers,
hydrocraking, etc.)
v" Reduce the sulphur content
of the products, (HDS),..
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catalytic hydrotreating reactions

~

Hydrodesulphurization plant HDS

Hydrocrakers

Low purity H, obtained
‘ as a by-product
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Producer units: STEAM-REFORMING FURNACES

H, byproduct: CATALYTIC PLATFORMERS
Consumer units: HDS, HDT
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Simplified schematic

Membrane purge:

Variable hydrogen demand

Purified gas Membrane Feed aCCOFdIng tO the type and
_ permeation LPH purge flow of the hydrocarbon
HPH1 | membrane FG puree being treated
‘ Recycledgas | = A
HPH2 :
LPH o o or Gas The excess hydrogen is
- irnanif0|d compressor 77777777??T?f5f0r | ] absorber partly reCycled, partly Sent to
| rrentment] | ([ absorber| |- | the fuel-gas FG or CBP
reatmen | | Stripper off-gas
g % Fuma;« i Reactor 7/ Treated side cutg networks to prevent .
- HCmanifol 3 | U IS il B - accumulation of impurities
HC1 } | Reactor outlet Stripper
HC 2 :: HC feed \ B % | 1 1 [|l-=
i | Hetentonger | I
..................................................................... Treated HC
Key:

,,,,,,,,

Gas stream | } Reac.tor load :
Lo ! heating subsystem -

. High pressure :
" section :

. Low pressure
- section

Preserving catalyst life
requires to operate always

with excess hydrogen in

the reactors
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' decision makers
(e.g. CRO,

Engineers)
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RTO implementation led to
Improvements in H, network
management strategies (e.g.
purification units use)

Better understanding of impacts
of changes across the network

RTO: Real-time optimization.
MHE: Moving horizon estimation.
MPC: Model predictive control.
CRO: Control room operators.




- Dynamic model
Simulation
How? B> . >
Alternatives? e~
A u |

Network states
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Steady-state model

Dynamic models

Optimization considering
network uncertain conditions

Uncertainties

1- MINLP (unexpected SD)
2- TSSP (loads uncertainties)

RTO*

1- Online data reconciliation
2- H, distribution and REls

Jme=p MPC

D Simulation

Alternatives?
A

_____ do

I
| Actual network states :

Decision support for process network operators under uncertain conditions

What-if analysis

Develop tools that fit together
smoothly

Enable decision-making at process
unit and plant level

Account for uncertainties

Expand operator’s visibility w.r.t.
process change of conditions
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Objective

‘Losymbols  [CJFiles B rems [ edra
Develop a comprehensive first-principles based library, capable of: §~ I I !

« representing an actual process network,
. . ~7
 its dynamics for a hydrogen network case study, and T T : Eﬂ;‘
« run with real-time data inputs and offline data. EfE 8 —% &8

=
Proosis / EcoSimPro®! s A
"‘ o - 2q._hch2 - 3q r4q " rq
o B2 ae Lt
N1_N2 E :IB: HDS3 é
::?° 8
G2l ﬂ Balas o —oSp =
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NAPHTHA S0 Lo E:I—%—l
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Implementation in real-time environment
 Use in a decision support framework structure

| RTS
| Dynamic simulation

library

RTS: Real-time simulation.

 ecision makers RTO: Real-time optimization.

éiggm Z:?S) MHE: Moving horizon estimation.
MPC: Model predictive control.

CRO: Control room operators.

[ Process and basic control system
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MHE formulation

Given:
* H, network dynamic nonlinear model (1,2)
* Plant measurements (e.g.: HC loads, gas purity / flowrates; 3)
* Previous manipulated variables values (3)
* Presence of disturbances (w, 1, 4)

A4

fz@),2(t), u(®),p,w(®)) =0,  z(0) =z, (1)

o
Yn(®) = h(z(), u(®),p) @) Na
_\—,7“

WV

I(N)k = COl(yk—Ni v Yo Uk =Ny "'Iuk—l)’ (3) "
Awr=w(k) —w(k — 1), (4) Yy t ?
k=1,2,..,N _|_‘—'—|—'—\W_

N ’

t
past future
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MHE formulation
Solve:

k k
: . _ 2 5 2
min [2emte = Zenl®p + D Wil g+ > 1y = 9@, £ (5)
i=k—N i=k—N

(2t_N'Wk—N""Wk'ﬁ )

Vv

St Z1p < ZAk < Zub

y
Y
V4
Yib = Vm = Yub W
N /
u
o

Vv

Wip S Wi < Wyp

Vv

Then the DAEs for initial time t-N to current time t to find current state z; is solved tN It
. A A w
f(z, z,u,p,w,t) =0 tN t 7

past future

Z(t - N) == it—N

== . . ';) Bl
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MHE and simulation integration

Roadmap implemented on Proosis / EcoSimPro®!

1. Get process data

2. Set initial estimations of states
G v

| 3. Execute ' single ' 3'. DM simulation for
| optimization (MHE) 15h|°°ti“8 given Zy, U, p, w

- ;

4. Get optimal Z;,, p, w estimations

5. Calculate z; (current states) by
simulation

7. Assessment of future states and
process behaviour

*

6. Run simulation for current Z,; and
desired u
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Implementation in real-time environment
Use in a decision support framework structure

RTRS | :
I{ RTS }l I
Dynamic simulation
I library I I
|
| i I |
I MHE 1' :
I_ p——— |
I L]
‘ | TSSP: Two-stage stochastic
[ PC 1 ' programming.
e RTRS: Real-time reconciled
 decision makers simulation.
(e.g. CRO, . . .
Engineers) RTS: Real-time simulation.
RTO: Real-time optimization.
[ Process and basic control system MHE: Moving horizon estimation.
MPC: Model predictive control.
CRO: Control room operators.
s, @ . g
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Case study
* H, network (simplified)
« 2 producers and 3 consumers
 Analyse RTRS value as decision support tool

282 Lo veanen Table 2.1. Summary of characteristics of the
o model INFO VALUE
Number of equations 1279
Number of boxes (coupled subsystems of equations) S
Number of input DATA 590
o Number of input BOUNDARIES 13
= I ed Number of output EXPLICIT 1247
Fiogs Number of output DYNAMICS or DERIVATIVES 27
-0 Number of output ALGEBRAICS 5
=0 o8 F010 Size of Jacobian matrix (DYNAMIC+ALGEBRAIC). 32x32
— fet Y o0l Flo Default integration method DASSL
- - PC Intel® Core™ i7-6500U CPU @2.50 GHz
;é@iﬂ‘“ RAM 16 GB, and takes on average 40s per
] e sample time.
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Case study
« 15 Manipulated variables (N = 5)
« Scenario-based analysis (What-if)

HDS3 é

Table 2.2. Summary of manipulated
variables of each HDS in the model.

HDSI1 HDS2 HDS3

FCO001 MV1

FC002 MV2

FC003 MV1 MV1
FC004 MV3 MV2 MV2
FC005 MV4 MV3 MV3
FCO08 MV4 MV4
FC009 MV5 MV5
FCO014 MVo6

O . @] B . . .
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INPUTS OUTPUTS

data 2814 explicit 7584
[

boundaries 408 dynamics 174
[

initial dynamics 174 derivatives 174
L

initial algebraics 31 algebralcs 31
[
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Reconciliation

Optimization

BN R Tt
11
11

Data Acquisition

_— e e mm = Em oEm == ==

Data Treatment

Excel®

=
|
-—b

Predictive
Simulation

EcoSimPro®!

Excel®"

4400 variables
4700 equations

8371 variables
7789 equations

2

3| 3131D2ksgesThe

£ 3331Dep_mix 1irF
333 1 FCOM sgriFC s gna[*
333_1 FCO0E sgriFC s gnal*
333_1 FT008 sgniFl_mix s gral[*
3331 FC_nFhe

o] 3331 KC_nhohe

3331 FC_nwhz

333_1 Y015 sgnlaV. signal 1]
333_1 Y025 sgnlaV. signal 1]
333_1 FV13A sgniaV signal[1]
333_1 FV13B.sgniaV signal[1]
303_1R1.dt2c

333_1 Ri dfighc

Kgh de g3 toa + 4L del EDGFHC L3
m3n caga BDZ

dansidzd zaga

PI/ de

326_1 FCOU1 sqrlFC s el
336_1 FCOUE sqrlFC._rix signel[1]
326_1 FCO12 sqrlFC s gnal”
326_1 FCO12 sqrlFC s el
326_1 FCO1E sqrlFC s el

26_1 FIt squ¥l sgnal 1]

o
m¥n ce carga
dznsided de carca

6.1 FC_nw
3261 FY01A sgniaV signal 1
3251 FYO1B. AV signal ]
326_1 FY01B.sgnlAV signal 1]

“5RITTET
634561671
9549072784
27503342
91°196¢63
FE08TES
<)

0008456635
6797785057
6797785057
529888402

14202013
152975767

1

0000186+
6960 591

AEBI6Z05
2333970607
5132872011
776566487
6409383
0

P1_Tp_v 2finF_gs[42] = 876321772
NATFIODS in = 35+2] = 523" 236092
No_1FI006 in = 35 2] = 493" 956162
P2_1A1z2fny[H2 = 72005
Ne_1FI010 i =_35+2] = 58 54316629
NC3_1T inF_cs[2) = 1616312574
NC5_12C007 gn F = 122 093293
NC5_17C0%6 gn S60E238

DE_1RLy Fre=00125
BD3_1.2U016 nF_gs[42] = 0.00° 62266
BD3 1703 F = * 539613
RBI_1ZCOT8.gn F = 1.078° 36336 06
2] = 25445637
G Lsply 8 F_gsH2] = H391 32216
GY1F 01T nF go[42] = 27420043

Nnh de He dz P1_d F

Nncih de H d2 HIC_MGT

Nmcih de H d2 H2C_N2G2

Purezz d 22 F

Nncih de H d r2_d5 52

Nncih de H d2 NGB Fi13

NmCih de gas tota de HOBFHC._

NmC/h de gas tota de NCFC_FC:

NmCih de gas tofa en el AC que entrael ceg”

Nncih de H d2 N=3° rciclo

NmG/h de gas tota enel AC FCO01

NnC/h de gas tofa en el AC FS003

Nncih de H ds F3F 4100 c2

Nncih de H2 d2 R34C_BP

Nncih de H2 d2 027 £3 T2

Nnch de H ds o122 43

Nnh de H2 d= Fd3_Fs + Fd3t_d3_<3 + h
&

MG de gas tota deFTC03
M de gas tota de FCO18
M de H2 d2 rf_nds
M de H d ¢
MG de He d2

NCE_Fe_fie7 161626505
NC6Frc_ficB 3856419733

NEF e

%
FIF 40022 162026372
RBecbp

& 1
T
)

0

bedF racicle Q001715022
236711122
1

361 FY02A sqnl4 signal[ 1] G2_1F032nF _cs[42] = E45 2559763 Mmh de He d2 2727 49
30671 PYOB o sional] HOS AT inF 0 =251367 164 N e K2 ds P36 c
361 FY02B sqnl4 signal[ 1] 01 3 G*_1F 047 fnF_gs[42] = 437 £328572 Mmh de H d2 o 47 s1
326_1 FY02C AV signal[ 1] 512572137
361 FY02C sqnl4 signal[ 1] 512572137
326_1R1_R2 d'hzhe 2310509163
7| 326_1R1_R2diighz GE 029584637
CH4 Nm3/h
i6 CH4-F3 -
ENTRADA 34380.2661 Produccién H4 Pureza CH4 CH4-G1 Ccr
SALIDAS 0000 150 1000 10000 2000
BD6 75.7656 100
F3 727.276 20000 w 500 5000 1000
]
61 573366 o ) . o N
G2 1546.71 o 50 100 150 200 0 50 100 150 200 o 50 100 150 200 50 100 150 200 o 50
63 0.00991458'
]
G4 10081.7
CH3-PV190  7149.00054' CH4-G3 CH4-G4 CH4-HD3 CHA-NCE CH
HD3 8379.27 002 20000 10000 1000 .
NC6 686.934' o *— 500
RB4 0 . ) o ) 50
0 ) 50 100 150 200 0 50 100 150 200 o 50 100 150 200 0
Pureza 99_751‘ 4] 50 100 150 200 [ 50
CH3 Nm3/h Produccién H3 Pureza CH3 CH3-G2 CH3-G3
ENTRADA 100 on
10000 L 0.015
H3 7530.55389"
RB4 0.0001" s000 50 0,005 001
SALIDAS o N o 0005
x o]
D3 0 0 50 1 150 200 o 50 100 150 200 0 50 100 150 200
- 0 50 100 150 200
61 0.00768237
G2 0.00640481
o 00106875 CH3-HD3 CH3-G1
G4 0.00024474 10000 001
HD3 7530.53
5000 0.005
RB4 (%)
0 0




 Dificultad para mantener modelos
« Parametros, estados, etc.
« Cambios en la estructura de la planta

« Especificar grados de libertad
* Interfaces Inteligentes

h
‘ decision makers
(e.g. CRO,
. Engineers)

l Process and basic control system I
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Crude oil changes
every 2-3 days

* Uncertain properties of
new feeds impact
downstream during
changeover periods

Crude
—

« H, demand is directly
affected by feed
chemical properties
(mostly unknown)
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RTS I
Dynamic simulation

library

|
|
|
IR
|
|

Jdecision makers
(e.g. CRO,

Engineers)

[ Process and basic control system
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Crude oil changes
every 2-3 days

Uncertain properties of
new feeds impact H,
demand




Two-stage stochastic programming
Main assumptions:

Here'alndmw Recf”rs;;(cgjns «  H,Producers are decided at first stage
§ i us(s,) * Rest of the variables (e.g. HC loads) are used
. Ur .TZ) for recourse once the uncertainty is realized.
| OUSTf) * H, demand for each process unit is uncertain,
| o Uslen) responding to a discrete probability function
tr ts « 9 scenarios are represented (j = 1...9)
2 4
3 ma - i Fyi | +E ‘HC(&;) — g, - Rie(&;
: FHZi,HCk(fj():Rk(fj)]F< ;pHZ H, ) {]S <kz=:1 PHcy, k(E 1) PR, k(f J)}
- VAR 14 Maximum J(Z)
Probability a s.t.
CVaRyq hp(xp,ug) =0,
n 9r(xp, up) <0,
“ &) hS(xF' Ur, uS(E)JxS(E)) =0 VE € E'

gs(xp, up, x5(8),us(§)) <0 VE E€E,
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Two-stage stochastic problem
Petronor case study — Risk-neutral

HC load (m3/h)

51 52 S3 sS4 S5 56 57 S8 51 52 S3 sS4 S5 56 57 S8 S9

Scenarios Scenarios
m RP Purity(CBP %H2)  w EEVP Purity(CBP %H2) mRP HD3 ~EEVP HD3
Low purity header hydrogen purity at RP and EEVP solutions for HC loads of

scenarios S1 to S9 applying RP and EEVP process unit HD3
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